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Spectral	
  kernel	
  applicaDon	
  

•  Kernel	
  (scaling)	
  method	
  
– Spectral	
  kernels	
  
– RadiaDve	
  effect	
  of	
  water	
  vapor	
  

•  ImplicaDon	
  for	
  radiaDve	
  forcing	
  in	
  general	
  
– Curve	
  of	
  growth	
  (spectroscopy)	
  explanaDon	
  vs.	
  
RadiaDve	
  transfer	
  explanaDon	
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Model-­‐simulated	
  vs.	
  Kernel-­‐analyzed	
  dOLR	
  
	
  	
  

•  Example:	
  
Interannual	
  
variaDon	
  
•  kernel	
  
method	
  

∆RX=(dR/dX)∆X	
  	
  

Truth	
  
Simul.	
  

Bias	
  
KLINEAR	
  

Bias	
  
KLOG	
  

Bias	
  
Hybrid	
  

[Bani	
  Shahabadi	
  and	
  Huang,	
  2014,	
  J.G.R.-­‐Atmos.]	
  

W	
  m-­‐2	
  



Model-­‐simulated	
  vs.	
  Kernel-­‐analyzed	
  spectral	
  dOLR	
  

[Bani	
  Shahabadi	
  and	
  Huang,	
  2014,	
  J.G.R.-­‐Atmos.]	
  

	
  	
  
•  Interannual	
  
tropical	
  mean	
  
change	
  
•  kernel	
  
method	
  

∆RX=(dR/dX)∆X	
  
	
  
Concerning	
  
H2O:	
  
Linear	
  scaling:	
  	
  
∆X=∆(q)	
  
	
  
Log-­‐scaling:	
  
∆X=∆(log(q))	
  
	
  



1st	
  vs.	
  2nd-­‐order	
  
kernel	
  

[Bani	
  Shahabadi	
  and	
  Huang,	
  2014,	
  J.G.R.-­‐Atmos.]	
  

	
  
	
  	
  

•  Log	
  behaviour,	
  i.e.,	
  reduced	
  
sensiDvity,	
  can	
  be	
  understood	
  
as	
  inter-­‐layer	
  and	
  intra-­‐layer	
  
effects.	
  



1st	
  vs.	
  2nd-­‐order	
  
kernel	
  

[Bani	
  Shahabadi	
  and	
  Huang,	
  2014,	
  J.G.R.-­‐Atmos.]	
  

•  Case:	
  uniform	
  2xH2O	
  
•  Inter-­‐layer	
  >	
  intra-­‐layer	
  for	
  H2O	
  
band	
  
•  Inter-­‐layer	
  offsets	
  intra-­‐layer	
  



Hybrid	
  
scaling	
  

[Bani	
  Shahabadi	
  and	
  Huang,	
  2014,	
  J.G.R.-­‐Atmos.]	
  

	
  
Best	
  performance	
  
can	
  be	
  obtained	
  
through: 	
  	
  
•  AbsorpDon	
  band:	
  
log-­‐scaling	
  
•  Window:	
  linear-­‐
scaling	
  



Logarithmic	
  relaDonship	
  holds	
  	
  
even	
  for	
  monochromaDc	
  radiance!	
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MonochromaDc!	
  
	
  
Truth:	
  	
  
∆R(8x)	
  =	
  R(8x)	
  –	
  R(1x)	
  
Calculated	
  using	
  LBL	
  RT	
  model	
  

Wavenumber	
  [cm-­‐1]	
  

Log	
  scaling:	
  
∆R(8x)	
  =	
  ∆R(1.1x)	
  *	
  log(8)/log(1.1)	
  
	
  
Linear	
  scaling:	
  
∆R(8x)	
  =	
  	
  ∆R(1.1x)	
  *	
  (8-­‐1)/0.1	
  



Logarithmic	
  relaDonship	
  

RadiaDve	
  forcing	
  [W	
  m-­‐2]	
  	
  
calculated	
  using	
  R.T.	
  
model	
  by	
  perturbing	
  
atmospheric	
  CO2	
  
concentraDon	
  (q).	
  

•  Log	
  relaDonship	
  can	
  be	
  verified	
  with	
  any	
  RT	
  model	
  
•  Log	
  esDmaDon	
  formula	
  widely	
  adopted	
  

	
  -­‐	
  F	
  =	
  F0	
  log(q/q0)	
  
	
  [IPCC	
  AR1,2,3,…;	
  Wikipedia,	
  …]	
  



Cause	
  of	
  logarithmic	
  relaDonship	
  
Answer	
  1:	
  it	
  is	
  due	
  to	
  spectroscopy	
  

SaturaDon	
  of	
  an	
  absorpDon	
  line	
  

	
  
RadiaDve	
  forcing	
  ∝	
  increased	
  absorpDon	
  
∝	
  saturaDon	
  from	
  line	
  center	
  to	
  wing:	
  “curve	
  
of	
  growth”	
  theorem	
  [Goody&Yung	
  1989];	
  
from	
  band	
  center	
  to	
  wing	
  [Pierrehumbert	
  2010]	
  

Realclimate.org	
  

The	
  log	
  relaDonship	
  
applies	
  to	
  spectrally	
  
integrated	
  (broadband)	
  
radiaDon	
  flux.	
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1	
  
Increasing	
  
absorber	
  

SaturaDon	
  of	
  an	
  absorpDon	
  band	
  



Counterevidence:	
  Logarithmic	
  relaDonship	
  holds	
  	
  
even	
  for	
  monochromaDc	
  radiance!	
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CO2	
  case.	
  
	
  
Truth:	
  	
  
∆R(8x)	
  =	
  R(8x)	
  –	
  R(1x)	
  
Calculated	
  using	
  LBL	
  RT	
  model	
  

Wavenumber	
  [cm-­‐1]	
  
Log	
  scaling:	
  
∆R(8x)	
  =	
  ∆R(1.1x)	
  *	
  log(8)/log(1.1)	
  
	
  
Linear	
  scaling:	
  
∆R(8x)	
  =	
  	
  ∆R(1.1x)	
  *	
  (8-­‐1)/0.1	
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origExample:	
  Radiance	
  at	
  300	
  cm-­‐1	
  

W	
  calculated	
  using	
  LBLRTM	
  and	
  a	
  
standard	
  profile	
  
	
  

Emission	
  layer	
  

•  Emission	
  layer	
  
displacement	
  model	
  

	
  
SoluDon	
  to	
  non-­‐scatering	
  
R.T.	
  Eq.	
  can	
  be	
  generalized	
  as:	
  
R	
  =	
  Σ{Wi*Bi}	
  	
  
	


Wi:	
  weighDng	
  funcDon	
  for	
  layer	
  i,	
  
a	
  funcDon	
  of	
  opDcal	
  depth	
  τ 
measured	
  from	
  TOA	
  to	
  layer	
  i.	
  
	
  
Bi:	
  Planck	
  funcDon	
  of	
  layer	
  
tempreature	
  (Ti)	
  	
  
	



Cause	
  of	
  logarithmic	
  
relaDonship	
  

Answer	
  2:	
  it	
  is	
  due	
  to	
  
radiaDve	
  transfer	
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Example:	
  Radiance	
  at	
  300	
  cm-­‐1	
  
	
  

Emission	
  layer	
  displacement	
  

Emission	
  layer	
  
displacement	
  model	
  

SoluDon	
  to	
  non-­‐scatering	
  
R.T.	
  Eq.	
  can	
  be	
  generalized	
  as:	
  
R	
  =	
  Σ{Wi*Bi}	
  	
  
	


PerturbaDon	
  of	
  absorber	
  amount	
  
(α x	
  q)	
  equivalently	
  displaces	
  all	
  
the	
  contribuDng	
  layers	
  to	
  higher	
  
alDtudes.	
  
	
  
As	
  W	
  =	
  W(τ)	
  and	
  τ∝q,	
  each	
  
emission	
  layer	
  is	
  displaced	
  from	
  τ 
to	
  τ’=	
  τ/α.	


	


Given	
  T=T0-­‐z*Γ,	
  it	
  can	
  be	
  shown	
  	
  
B	
  ∝	
  log(τ),	
  and	
  thus	
  
B(τ’)-­‐B(τ) ∝	
  log(α)	
  
	
  [Huang	
  and	
  Bani	
  Shahabadi,	
  J.	
  

Atm.	
  Sci.,	
  under	
  review]	
  



Summary	
  
•  Spectral	
  kernels	
  are	
  developed	
  and	
  ready	
  for	
  climate	
  diagnoses	
  

-  Log-­‐	
  and	
  linear-­‐scaling	
  suit	
  different	
  spectral	
  regions	
  
-  Wise	
  to	
  apply	
  hybrid	
  scaling	
  	
  

•  Why	
  logarithmic	
  in	
  the	
  absorpDon	
  band?	
  
	
  Log-­‐dependence:	
  
-  Holds	
  for	
  monochromaDc	
  radiance	
  (not	
  only	
  broadband	
  flux)	
  	
  
-  Results	
  from	
  radiaDve	
  transfer	
  (not	
  only	
  spectroscopy)	
  

	
  “Emission	
  layer	
  displacement	
  model”	
  
	
  Key	
  condiDons:	
  	
  
	
   	
  saturated	
  absorpDon;	
   	
  	
  
	
   	
  lapse	
  rate;	
   	
  	
  
	
   	
  coherent	
  dX 	
  -­‐>	
  fingerprint	
  configuraDon 	
   	
  	
  
	
   	
   	
   	
  	
  


